ABSTRACT
INTRODUCTION
Bone is a dynamically metabolized connective tissue which is maintained by a balance between bone formation and bone resorption being regulated by hormonal and physical factors [1] . After menopause, that balance is disrupted and the rate of bone loss is faster than its rebuilt especially with increasing numbers of postmenopausal women allover the world [7] .
OVX rats have been widely used as an animal model for studying the prevention and treatment of postmenopausal osteoporosis because of the similarities observed between OVX-induced bone loss in rats and postmenopausal bone loss in humans [7, 8] . Therefore, that model of experimental osteoporosis was chosen in the present study.
Several pharmacological agents are available for prevention and treatment of osteoporosis; two main classes are used, antiresorptive and anabolic agents. Estrogen (antiresorptive drug) is the most widely used replacement therapy for prevention of osteoporosis [9] however; estrogen use and compliance are limited due to its numerous undesirable side effects such as uterine and breast cancer [10] . Therefore, there is a significant medical need for a therapy that protects against postmenopausal bone loss with much lower side effects compared to those of estrogen and others available in the market [11] . The GH/insulin-like growth factor-1 axis is not only important for linear body growth during childhood, but it is also one of the major determinants of adult bone mass [12] . Previous studies have shown that adult onset GH deficiency (GHD) is associated with a lower bone mass and increased frequency of osteoporotic fractures, at least in women [13] . Others have shown that GH treatment increases bone mass in rodents as well as in humans [14, 15] . Furthermore, GH secretion and GH dependent serum insulin-like growth factor-I (IGF-I) levels diminish with increasing age [13] . Therefore, further research is required to clarify the link between diminished GH secretion and bone loss in aging postmenopausal women.
GHRP-6 is a member of GH secretagogues (GHSs) which are potent stimulators of GH release [16] . However, a limited number of studies have shown its potential role in bone tissue. Therefore, the aim of the present study was to evaluate the effect of GHRP-6 on bone loss in OVX albino rats (as an experimental model of postmenopausal osteoporosis) and to compare the results with those of estrogen replacement therapy as a line of treatment in such condition.
MATERIALS & METHODS

Animals:
Forty adult female albino rats from local strain (150-250 grams; obtained from the Animal House, Faculty of Medicine, Minia University) were used in the present study. Rats were housed at room temperature with normal dark/light cycles. The rats were fed a standard diet of commercial rat chow and tap water ad libitum and left to acclimatize to the environment for two weeks prior to inclusion in the experiment [17] . All experimental procedures were performed according to the institutional guidelines of Minia University. Experimental procedures Induction of experimental osteoporosis:
All rats (except for control group) were bilaterally ovariectomized under light ether anesthesia. In a glass hood saturated with ether vapor, rats were placed to inhale ether until the surgical stage of anesthesia was reached (judged by loss of withdrawal reflexes), rats were then removed and placed on the operating board for ovariectomy as previously described [18] . Briefly, under clean aseptic conditions and after shaving the hair of the lower abdomen, a single longitudinal skin incision was made in the midline of abdominal wall above symphysis pubis. The skin was retracted laterally and the abdominal wall and the peritoneum were incised. The ovarian fat pad was pulled out to locate the ovary and oviduct. A hemostat was placed on the oviduct just proximal to the ovary, then a ligature with absorbable cut gut was done and the ovary was excised and the procedure was repeated on the other side. Finally, the incision was closed in two layers with absorbable sutures and the rat was observed until the recovery from anesthesia. Histological sections were used to assess ovariectomy. The same surgical procedures were done in the sham operated control group except removal of the ovaries.
Experimental groups:
Following operation, rats were randomly divided into the following groups (10 rats each): 
Bone preparation and parameters:
The right hind limb of each rat was finely dissected and the right femur was removed, cleaned from adhering soft tissue. All femurs were first weighed in the presence of air (W), then reweighed while suspended in water (WW) at room temperature using "a Sartorius balance". The difference between the two weights (W-WW) was equivalent to the volume of the bone [24] . Bone density (Archimedes' principle):
It is the standard method for determination of density (g/cm 3 ) of bones from small animals using the formula: xp ww -w w Density  Where, P is the density of distilled water at room temperature [25] .
Preparation of dried femurs:
For dry bone preparation, the right femurs were first dried to constant weight at 100°C for 24 h and reweighed for the determination of dry weight (DW) which includes organic, mineral, and fat as the water content was only evaporated. On the basis of the obtained initial weight of femur in air (W) and the dry weight (DW), the weight of water content in the femurs was calculated using the formula: W water = W−DW, and the percentage of water content = W water ×100/W
[26] .
Preparation of fat-free dry femurs (FFDFs):
FFDFs were determined according to the method described by Watkins and Southern
[27] . The right femurs were extracted for 48hs in 90% petroleum ether and were dried in a forced-air oven at 90°C until constant weight was obtained.
Preparation of femurs ash:
The bone ash weight (AW) which contains only the mineral was obtained after ashing at 600 °C for 24hs [28] . Briefly, concentrated nitric acid (0.1ml) and 30% hydrogen peroxide (0.05ml) were added to each sample and then placed in a sand bath heated at 600 ºC. That treatment was repeated until a whitish residue was obtained. All data were expressed as means ± standard errors (mean ± SEM). Data were analyzed using one-way analysis of variance (ANOVA) with repeated measurements. All the statistical analyses were performed using general linear model procedure (SAS Institute Inc., NC, USA, 2003). Significant differences among groups were detected using Duncan's multiple rang test (1955) . A value of p ≤ 0.05 was considered statistically significant.
RESULTS
Changes in femoral bone parameters in different experimental groups:
The OVX group showed the lowest femoral bone parameters tested (p<0.01) amongst all experimental groups except for the % of water content which was significantly higher (p<0.01). However, the ratio between the non-organic (ash) to the organic component showed insignificant difference between all groups (table  1) .
In OVX+ GHRP-6 treated group, no significant change (p>0.05) was observed except, the bone length which was significantly (p<0.05) higher when compared to the control group. Comparing the effects of GHRP-6 vs. estrogen, the bone length, weight, FFDW and the ash weight were significantly higher (p<0.01) in the OVX+GHRP-6 group compared to the OVX+ estrogen group (table 1) Regarding the BMD, the OVX group showed the lowest BMD (-20%) between all groups. Both estrogen and GHRP-6 treated groups showed significantly higher BMD (p<0.01) with a value of 17.86% and 16.71% respectively as compared with the OVX non-treated group but, insignificantly different from the control level (table 2) .
The lowest levels (p<0.01) of femoral calcium and phosphorus contents were observed in the OVX group. However, both estrogen and GHRP-6 treatments reversed the situation and caused significantly higher levels (P<0.01) when compared with OVX non-treated group but insignificantly different from the control level ( figure 1, 2) . Changes in serum levels of calcium, phosphorus, ALP and ACP different experimental groups:
Serum calcium levels didn't change in all studied groups (p>0.05) compared with the control group. However, serum phosphorus concentration in the OVX group was significantly higher (p<0.01) than the other groups (figure 3, 4).
Serum levels of ALP and ACP were highest (p<0.01) in OVX group. While estrogen treatment lowered significantly both phosphatases (p<0.01) even below control levels, GHRP-6 treatment to OVX rats prevented any significant rise in ACP level. On the other hand, ALP levels were significantly lowered but not to the control level (p< 0.01) (figure 5, 6). 
Fig 6. Serum acid phosphatase level in different experimental groups (M ± SE).
a ,b and c means that columns with different superscripts are significantly different (P<0.05).
DISCUSSION
Prevention of bone loss in postmenopausal period is an effective strategy to reduce the incidence of osteoporotic bone fractures therefore, the aim of the present study was to evaluate and compare the preventive effects of estrogen and GHRP-6 treatments on femoral bone loss in ovariectomized albino rats by studying the changes in femoral bone mass, density and mineral content and also serum parameters including bone turnover markers (ALP and ACP) as well as serum calcium and phosphorus concentrations.
Ovariectomy closely mimics the human postmenopausal state. Endogenous estrogen levels are significantly reduced and the skeleton undergoes an increase in bone turnover, followed by accelerated bone loss and reductions in bone mineral at several skeletal sites [7] . The proximal femur in humans and rats share many histoanatomic similarities. Clinically, femoral neck is the most important site of fracture in humans so, femurs of OVX rats may be a more clinically relevant sample site than other skeletal sites
[31] . Estrogen supplementation attenuated successfully the OVXinduced bone loss evidenced by the significantly higher femoral bone mass and preserved the femoral BMD being 17.86% higher than the OVX non-treated rats. Wang et al. [32] reported that the stimulatory effect of estrogen on bone density in OVX rats is mediated by up-regulating the expression of osteoprotegerin (OPG); a regulatory protein released from osteoblasts which acts on osteoclasts to suppress the osteoclast-mediated bone resorption and favors bone formation [33] . Moreover, Nakamura et al. [34] proved that estrogen withdrawal may prolong the life span of osteoclasts which in turn might be the cause of bone loss. In light of these findings, it is likely to say that estrogen dampens the process of bone resorption rather than promoting bone synthesis.
GHRP-6 injection was also successful in preventing OVXinduced bone loss as it was able to preserve femoral BMD which was 16.71% higher than the OVX nontreated group with significantly higher levels of all femoral bone parameters including femoral bone calcium and phosphorus contents. Similar findings were observed by Sibilia et al.
[35] who reported that the GHS; Hexarelin completely prevented the development of osteopenia in gonadectomized rats as proved by the stability in both BMD and BMC values at femoral metaphysis and lumber vertebra. Fukushima and colleagues [36] also showed that administrating peripheral ghrelin, a natural GHS, promoted bone formation in vivo when given to rodents over a 4 week period and demonstrated an increase in BMD. Therefore, these findings raises the possibility that growth hormone is critical for keeping bone mass and its deficiency could be involved in the pathogenesis of osteoporosis [15, 37] . The femurs lengths were also significantly higher in the OVX + GHRP-6 group than all other studied groups, and this finding is in agreement with Svensson et al. [15] . It might be due to linear bone growth derived from the growth plate and it could be explained by the fact that the growth plates in rats first begin to close when the rats are very old [38] . For this reason, most studies have found a small stimulatory effect of GH on longitudinal bone growth in adult rats [15, 12] . Regarding bone turnover markers (ALP and ACP), ovariectomy showed significantly higher levels when compared with the control group. This finding is in line with Rahnama and Swiatkowski [39] who reported that hypoestrogenism after ovariectomy caused a characteristic increase in bone turnover markers in experimental rats. Also, it matches with Al-Sowyan and Mahmoud [40] who demonstrated that lacking of the inhibitory action of estrogen on osteoclasts caused the increase in ACP activity and consequently, an increase in bone resorption. Simultaneously with intensification of resorption process, bone formation process was also increased by enhancement of osteoblast activity which results in increasing ALP activity.
Estrogen supplementation to OVX rats reversed the condition and lowered significantly serum levels of both phosphatases even below the control level. It could be attributed to the direct suppressing effect of estrogen on receptor activator of nuclear factor-κB ligand (RANKL)-induced osteoclast differentiation and thus inhibiting bone resorption with subsequent decrease in serum ACP. Serum ALP level is also lowered secondary to reduced bone formation [39, 40] . Interestingly, GHRP-6 treatment to OVX rats prevented any significant rise in ACP level indicating suppression of bone resorption. On the other hand, ALP levels were significantly lowered but not to the control level indicating enhanced bone formation. This positive shift in the balance between bone formation and resorption towards the favor of bone formation could account for the protective effects of GHRP-6 on OVX-induced bone loss.
In line with our results, Svensson et al. [14] reported that the GHS; MK-677 treatment elicited a rapid induction of markers of bone turnover whereas the increase in markers of bone formation was more marked at the end of the study. Moreover, Fukushima et al. [36] reported that the natural GHS; ghrelin directly stimulated osteoblast proliferation and differentiation and alkaline phosphatase activity.
The most reasonable interpretation for the anabolic action of GHRP-6 on bone may be related in part to its welldocumented GH-releasing activity and/or a direct stimulatory effect on osteoblasts as it has been demonstrated that primary osteoblasts and osteoblastic cell lines in various species contain GHS-R1a receptors [41] . Unexpectedly, serum calcium concentration did not show any significant change after 6 weeks of OVX. Similar findings were reported by Arshad et al. [42] and Zhang et al. [43] . It could be explained by the fact that homeostatic mechanisms were able to maintain serum calcium level for 4 to 6 weeks despite OVX [31] . It seems that estrogen deficiency increases the sensitivity of bone to parathyroid hormone (PTH) and other resorption-inducing agents which further enhance the resorption defect [44] . In turn, a compensatory increase in urinary calcium excretion [45] and decreases in intestinal calcium absorption
[46] takes place to prevent the resultant skeletal outflow of calcium into the extracellular fluids from producing hypercalcemia.
As regards serum phosphorus, OVX induced a significant rise in serum phosphorus concentration compared with the control rats. Similar studies were reported by Gopala et al.
[47] and Kavuncu et al.
[48] . They found that serum phosphorus levels increased from the sixth day following OVX as a consequence of increased renal tubular reabsorption. This OVXinduced rise in serum phosphorus level could be attributed to the selective inhibitory effect of estrogen on sodium phosphate co-transport by direct interaction with estrogen receptors in proximal tubular cells and hence, increased proximal phosphate reabsorption [49,50] . In conclusion, the present study clearly demonstrated that GHRP-6 exerts a protective effect against OVX-induced bone loss in female albino rats mainly via preservation of femoral bone mass, density and mineral content as well as a positive shift between bone resorption and bone formation for the benefit of increased bone formation.
Indeed 
